Ethanolic extracts of Salvia officinalis leaves demonstrated antibacterial activity against Bacillus cereus. Fractionation of the extracts led to the isolation of the most active antibacterial compound, which, from spectroscopic and LC-MS evidence, was proved to be the diterpene, methyl carnosate. S. officinalis has a wide range of biological activities, such as antibacterial, fungistatic, virustatic, astringent, eupeptic and antihydrotic effects [13a-c]; in addition, its leaves are well-known for their antioxidant properties [14,15]. Recently we tested the cytotoxic activities of four Salvia species native to Uzbekistan on mammalian cells [16] , and in the present paper we report the antibacterial properties of a diterpene isolated from the leaves.
Salvia officinalis L. (family Lamiaceae
is a widely used plant both in the food processing industry and since a long time in the area of human health [1] . The leaves contain essential oils [2, 3] . It has also been reported that S. officinalis contains terpenoids [4, 5] , tannins [6] , phenol acids [7, 8] , flavonoids [8, 9] , coumarins [10] , diterpenes [11] , triterpenes [12] , phytosterols, benzoic acid, salts, minerals, vitamins and gum.
S. officinalis has a wide range of biological activities, such as antibacterial, fungistatic, virustatic, astringent, eupeptic and antihydrotic effects [13a-c] ; in addition, its leaves are well-known for their antioxidant properties [14, 15] . Recently we tested the cytotoxic activities of four Salvia species native to Uzbekistan on mammalian cells [16] , and in the present paper we report the antibacterial properties of a diterpene isolated from the leaves.
When the ethanol extract of S. officinalis leaves was tested on Bacillus cereus cells grown in Petri dishes containing PCA, antibacterial activity was detected by the formation of an inhibition area surrounding the cotton dish containing the extract; the control solution showed no such activity. The inhibitory activity seemed to be related to the extract volume added to the cotton dishes. The ethanol extract, when analyzed by TLC, showed 10 spots. Antibacterial activity was mainly associated with spot 9, although weak activity was also detected in spot 10 (data not shown). The compounds in spot 9 were separated by TLC and further analyzed by HPLC; some major and many minor peaks were observed (data not shown). The compounds producing the spots were tested on B. cereus cells and one produced a clear halo surrounding the cotton dish containing the compound. The antibacterial activity of this compound was further confirmed by scanning electron microscopy; very few bacteria were observed in the PCA halo area.
Further purification of the active material by TLC led to the isolation of a single component with antibacterial activity, which, from NMR spectroscopic and mass spectrometric analysis, was proved to be methyl carnosate [17, 18] .
Experimental
General: LC-MS/MS, Ultimate 3000 liquid chromatograph (Dionex) equipped with an UV detector and an autosampler. 1D and 2D NMR, Bruker DRX-600 Avance spectrometer; Scanning Electron Microscopy (SEM), JEOL JSM 5200 electron microscope.
Extraction of plant material: S. officinalis leaves were obtained from spontaneous plants grown in greenhouses at Tuscia University, Viterbo, Italy. Leaves were homogenized in ethanol at a constant ratio of 4:1, v/w, in a blender at room temperature. The homogenate was left for 45 min in the dark at room temperature; samples were then collected and centrifuged at 10000 rpm for 5 min and the pellet discarded. Supernatants were concentrated 3 times in an evaporator. The resulting residue was re-suspended in 3 mL of bidistilled water, and the samples concentrated 3 times. Samples were then centrifuged at 14000 rpm for 3 min, filtered through a 0.22 µm cellulose syringe filter and stored at −20°C until required for testing.
B. cereus culture and antimicrobial activity test:
B. cereus cells were grown on Petri dishes containing PCA (Plate Count Agar Oxoid) at 30°C. Evaluation of antibacterial activity was carried out following the spot test procedure [19] . B. cereus cells were seeded on Petri dishes containing 20 mL of PCA medium; 3 small sterile cotton dishes containing, respectively, 20 µL and 40 µL of S. officinalis leaf extract and 40 µL of ethanol control solution were positioned on the agar surface. Antimicrobial activity was evaluated by formation of inhibition growth areas (halos) surrounding the cotton dishes. consisted of a mixture of ethanol-chloroform (1:1). Each silica gel plate was loaded with 12 spots containing 30 µL of extract and after 3 h the run was stopped. The plate was dried and the separated compounds were detected by UV light. In order to evaluate biological activity, single spots were scraped from the silica gel and extracted with ethanol; after 30 min, samples were centrifuged at 2500 rpm for 5 min, the pellets discarded and the supernatants concentrated to a third 3 in an evaporator. Each residual solution was added to 2 volumes of bidistilled water and then concentrated 3 times by evaporation. Samples were loaded into cotton dishes for testing for antibacterial activity. The positive solutions were further investigated by HPLC.
Separation of compounds from the biologically active TLC separated spot: Silica gel plates were loaded with 12 spots of 30 µL of extract and runs were carried out as already reported. After viewing under UV light, spot 9 was scraped from the silica gel plate and eluted with ethanol. The extract was centrifuged at 2500 rpm and the supernatant further investigated by TLC on silica gel plates using a mixture of acetone: chloroform (2.3:1) for 3 h. After drying, the developed chromatogram was viewed under UV light. Single spots were removed by scraping and the compounds eluted by ethanol. After centrifugation, supernatants were concentrated 3 times in an evaporator. The resulting residue was re-suspended in 1200 µL of bidistilled water and the sample concentrated 3 times. Samples were than centrifuged at 14000 rpm for 3 min, filtered through a 0.22 µm cellulose syringe filter and tested on bacterial cells as reported earlier.
